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ARTICLE INFO ABSTRACT

Keywords: We investigate students’ implementation of the feedback messages they received in an automated
Writing writing evaluation system (eRevise) that aims to improve students’ use of text evidence in their
Argument writing writing. Seven 5th and 6th-grade teachers implemented eRevise (n = 143 students). Qualitative

Evidence use analysis of students’ essays across first and second drafts suggests that the majority of students

made changes to their essays that were in line with the feedback they received, though few of
these changes resulted in substantive improvement in essay quality. Twenty percent of students
did not attempt to implement the feedback; these students generally made small changes to
wording or mechanics. In response to the feedback to add more evidence, students whose essays
did not improve or showed only slight improvement frequently added in evidence that was not
text based or repeated evidence already present in the first draft. When prompted to explain how
the evidence they included connected to their claim, many students paraphrased the evidence,
added a short conclusion, or explained generally how the evidence supports claims (not how this
was instantiated in their writing). Implications for teaching argument writing and for designing
AWE systems that support students to successfully revise their essays are discussed.

Formative feedback
Automated writing evaluation
Automated essay scoring

1. Introduction

Writing is critical to learning and academic success (Bangert-Drowns, Hurley, & Wilkinson, 2004; Graham & Perin, 2007). Stu-
dents who cannot write well are disadvantaged in salary positions and often find college coursework too difficult to complete
(National Commission on Writing for America’s Families, Schools, & Colleges, 2004). Despite the importance of writing, teachers
have historically spent less time teaching writing in comparison to other subjects (Ibid.). Many teachers report feeling underprepared
to teach writing well, and rarely or only partially implement research-based practices for writing instruction (Brindle, Graham,
Harris, & Hebert, 2016). Unsurprisingly, results of national assessments show that the majority of students in the United States are not
proficient writers (National Center for Education Statistics, 2012).

Recently, standards have begun to emphasize text-based argument writing as especially important for college readiness (e.g.,
Graham, Harris, & Santangelo, 2015; National Governors Association Center for Best Practices & Council of Chief State School
Officers (NGAC/CCSSO), 2010). This form of writing requires students to express higher-level thinking about texts, formulate ar-
guments, and marshal solid evidence in support of their claims. To successfully produce these essays, students must be able to
comprehend source texts, produce writing, and master argument elements (e.g., claims, reasons, and evidence). Text-based argument
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writing is a relatively new addition to the elementary curricula, which traditionally has emphasized narrative and creative writing
(Shanahan, 2015). When elementary students do write in response to text, it is often limited to short summaries (Matsumura,
Correnti, & Wang, 2015). What little research exists about the quality of text-based argument writing in the elementary grades
suggests that students frequently struggle to express higher-level thinking and use text evidence well in support of claims (O’Hallaron,
2014; Wang, Matsumura, & Correnti, 2018). While students generally are successful at stating a position and marshalling a certain
number of pieces of evidence, they less consistently provide detailed evidence and explain the connection between the evidence and
their position (De La Paz et al., 2012; O’Hallaron, 2014; Wang et al., 2018).

Because the ability to marshal text evidence in support of a claim is a relatively new expectation for young writers, little is known
about how to teach this skill well. One highly endorsed approach to developing students’ writing skills broadly, however, is to engage
students in cycles of planning, drafting, revising, and editing their essays (Graham & Perin, 2007; Graham & Sandmel, 2011). Key to
the success of this ‘process’ approach to writing instruction is the provision of formative feedback on early drafts of students’ work
(Graham, Hebert, & Harris, 2015). Such feedback is essential for making visible important differences between current and desired
practice on substantive dimensions of students’ essays (e.g., argument and evidence use), for revealing key areas of improvement to
guide revision, and for providing information that teachers can use to target instruction (Black & Wiliam, 1998; Heritage, 2010;
Shute, 2008).

For multiple reasons, however, students rarely receive substantive formative feedback on their writing. First, teachers can be
reluctant to assign writing tasks that require students to work across drafts, as providing formative feedback is time-consuming. Also,
teachers vary in their implementation of evidence-based practices for teaching writing more generally (Graham, Capizzi, Harris,
Hebert, & Morphy, 2014) and can feel unsure about how to provide feedback to improve students’ writing (Wang et al., 2018).
Moreover, research shows that when teachers do provide feedback on drafts, their edits and comments often focus on surface-level
features (i.e., grammar, spelling, pronoun referents) (Matsumura, Patthey-Chavez, Valdés, & Garnier, 2002; Olson & Raffeld, 1987;
Patthey-Chavez, Matsumura, & Valdes, 2004;). Students’ revisions thus typically show improvement in readability, but not in content
(Matsumura et al., 2002; Patthey-Chavez et al., 2004).

One approach to potentially easing the burden on teachers and increasing students’ opportunities to receive substantive formative
feedback is to leverage automated writing evaluation (AWE) systems. These systems combine automated essay scoring (AES) tech-
nologies with feedback on drafts of students’ essays. In the present study, we describe results from a pilot study of an AWE system,
eRevise, developed to support students’ use of text evidence in argument writing.

1.1. Automated writing evaluation (AWE) systems

Evidence to date that AWE systems improve the quality of students’ writing is modest (see reviews by Stevenson & Phakiti, 2014
and Graham, Hebert et al., 2015). Historically, when studies have shown positive effects, most of the improvement is in the read-
ability and cohesion of students’ responses (Attali, 2004; Kellogg, Whiteford, & Quinlan, 2010; Roscoe, Snow, Allen, & McNamara,
2015; Shermis, Garvan, & Diao, 2008; Wilson & Andrada, 2016). Notably, while AWE systems have advanced in recent years with
respect to capturing features of arguments (e.g., presence or absence of a claim) (Palermo & Thomson, 2018), designing systems that
assess and improve the content of students’ writing is still in an early phase of development.

One explanation for why AWE systems have shown effects on limited domains of writing is that the AES systems upon which AWE
systems are built mostly produce holistic scores driven by linguistic features (e.g., word count and syntax) rather than on more
subjective dimensions (e.g., students’ reasoning) (Deane, 2013). While this approach has shown reliability in producing scores highly
associated with human ratings (e.g., Attali & Burstein, 2006; Shermis & Hamner, 2012), the limitation in technology is a concern
because formative feedback is most useful to students when it directs students’ and teachers’ attention to specific ways that students’
writing could be improved, and also, when such feedback supports growth in skills that are especially challenging for students to
master (e.g., thinking and reasoning shown in writing).

In addition to focusing primarily on holistic or surface-features, a second limitation of AWE systems is that they have traditionally
focused on writing in response to open-ended prompts disconnected from a source text (Attali & Burstein, 2006; Crossley, Varner,
Roscoe, & McNamara, 2013; Lee, Gentile, & Kantor, 2008; Page, 2003). An exception is Summary Street, which showed positive effects
on the quality of students’ summaries and comprehension of source texts (Franzke, Kintsch, Caccamise, Johnson, & Dooley, 2005;
Wade-Stein & Kintsch, 2004). While summarizing is an important writing skill to master (Graham & Perin, 2007), to meet new
standards for writing, students should receive feedback that improves their ability to use source texts strategically in support of an
argument. To this end, more recent research has found that a combination of automated systems — iSTART, an intelligent tutoring
system to support reading comprehension and the Writing Pal AWE system — improved the quality of students’ text-based analytic
writing (Weston-Sementelli, Allen, & McNamara, 2018). Notably, this study was conducted with undergraduate students, not with
young writers who by definition have different literacy learning needs.

A third explanation for why students’ writing may not improve in response to automated feedback is that students may not possess
the skills to successfully revise. Revising is a highly complex process (Flower, Hayes, Carey, Shriver, & Stratman, 1986). Less skilled
writers in specific tend to make fewer revisions and/or revisions that do not increase the quality of their responses (Beach, 1979;
Faigley & Witte, 1981; Graham, 1997; Matsumura et al., 2002; Patthey-Chavez et al., 2004). There is reason to believe, therefore, that
many students would struggle to successfully implement the automated feedback they receive absent instructional intervention.

Understanding the limitations of automated feedback as a sole source of writing and revision support, researchers have begun to
investigate ways to integrate AWE systems with instructional scaffolds that include games and tutorials (e.g., Writing Pal; Allen,
Jacovina, & McNamara, 2016), as well as external support such as classroom-based interventions (Palermo & Thomson, 2018) and
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teacher feedback alongside automated feedback (e.g., Wilson & Czik, 2016). These studies have shown somewhat mixed results.
Palermo and Thomson (2018), for example, investigated the effect of the NC Write AWE system on students’ essays when combined
with Self-Regulated Strategy Development (SRSD) instruction —an approach designed to develop the self-regulatory and cognitive
skills necessary for proficient writing (e.g., Graham, Harris, & Mason, 2005). Results showed that students who participated in the NC
Write plus SRSD condition produced longer essays that contained more argumentation elements (e.g., presence of a claim) than
students in an SRSD plus NC Write or control condition. Taking another approach, Wilson and Czik (2016) examined effects of
combined teacher and automated feedback generated in the PEG Writing system to teacher feedback only on the quality of students’
writing. Their results showed no difference in the final quality of students’ drafts between conditions. Notably, teachers reported that
it took them one-third less time to provide feedback in the combined (teacher plus PEG Writing) condition, and teachers’ feedback
focused more on substantive writing features. These findings are important because one of the hopes for AWE systems is that they
would relieve teacher burden and increase students’ opportunity to receive substantive feedback on their writing (see Roscoe &
McNamara, 2013). In all, however, it remains an open question how best to design AWE systems, with or without teacher support,
that improve students’ ability to successfully implement the feedback they receive.

A significant barrier to designing AWE systems and linked interventions that support students’ revision is that very little is known
about revision behavior, that is, the different ways students take up feedback to improve the content of their writing. We identified
only a few studies that have examined revision behavior in AWE systems. Roscoe, Snow, and McNamara (2013), for example,
examined whether high school students attempted to implement the feedback messages they received, how substantive the revision
was, and degree of improvement in students’ essays aligned with feedback messages (e.g., if students added an introduction or
modified a thesis statement in response to feedback related to essay introductions). They found that nearly all students made some
attempt to revise their essays (i.e., implemented some sort of revision); however, fewer than half of the essays showed substantive
improvement. In a second study of Writing Pal, the investigators categorized revision behavior as either word-level (e.g., lexical
diversity, precision of word choices, frequency of pronouns) or document-level changes (e.g., total number of words, number of
paragraphs, amount of new information provided in a sentence) (Roscoe et al., 2015). Results showed that students tended to
implement more document- than word-level revisions. In a more recent deployment of Writing Pal college students improved their
essays, but there was substantial variability among revision attempts (Roscoe, Wilson, Johnson, & Mayra, 2017). Essays with more
revisions correlated positively with increase in essay score, and substantive revisions (e.g., adding new content) were associated with
improvement. Finally, Zhu, Liu, and Lee (2020) investigated how middle and high school students responded to automated feedback
generated by the c-rater-ML engine (Heilman & Madnani, 2013) and how their revisions related to improvements in the context of
scientific argument writing. Results suggested that students with higher first-draft scores were more likely to revise, and revisions on
the whole were positively related to a positive score change. Notably, among these studies, the degree of improvement across drafts
was small to moderate, and importantly, they are silent with respect to what revisions ‘looked like’ for particular feedback messages
and how those changes affected the quality of the content of students’ essays.

In sum, research and development of AWE systems is still in an emergent phase with respect to assessing how the content of
students’ essays evolve across drafts in response to automated feedback messages, and this is notably the case for younger writers.
Moreover, research to date on the effectiveness of these systems have tended to focus on overall improvement, rather than im-
provement aligned to particular feedback messages. Research is needed to better understand students’ response to, and application of
substantive feedback to guide future efforts to develop AWE systems that provide targeted revision support to students.

1.2. Present study

In the present study, we describe results of a pilot study of an AWE system, eRevise, designed to improve 5th and 6th grade
students’ use of text evidence in an argument essay. Specifically, we examine change in the overall quality of students’ use of text
evidence in their essays aligned with the feedback messages they received. We then examine how students implemented feedback
messages in their revisions, and how these differed for essays that showed varying degrees of improvement. Because difficulty
understanding the feedback could potentially impact students’ revision efforts (e.g., Roscoe et al., 2017), we also investigate students’
perceptions of the feedback in eRevise. Our goal is to provide insight into some of the specific difficulties students have in making use
of feedback that could serve as useful leverage points for developing both AWE systems and writing interventions that support
students’ ability to improve their use of text evidence.

Our specific research questions are as follow:

RQ1: To what extent did students’ use of evidence improve, from first draft to revised draft, based on eRevise’s automated scoring —
overall, and on specific features of evidence use?

RQ2: To what extent did students’ use of evidence improve, from first draft to revised draft, in line with the feedback given?

RQ3: How did students implement the feedback they received?

RQ4: How did students perceive the feedback in eRevise?

1.3. eRevise

1.3.1. Response-to-text assessment (RTA)

eRevise was designed to score responses and provide feedback to students on the Response-to-Text Assessment (RTA). Elsewhere,
we have described RTA development and administration (Correnti, Matsumura, Hamilton, & Wang, 2012; Correnti, Matsumura,
Hamilton, & Wang, 2013). In brief, the RTA was developed to create a feasible means for assessing students’ ability to reason about
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texts in their writing and use text evidence effectively to support their claims. To make our assessment relevant within the current
research context, we aligned the RTA with the Common Core State Standards (NGAC/CCSSO, 2010). Aligned with the shift in
emphasis in the CCSS on having students read and write about nonfiction texts, the RTA has been developed on nonfiction readings.

The assessment used in this pilot is based on a feature article from Time for Kids (“A Brighter Future” by Hannah Sachs) about the
Millennium Villages Project, a United Nations-supported effort to eradicate poverty in a rural village in Kenya. The teacher reads the
text aloud to students as they follow along with their own copy of the article. The purpose of the teacher reading the text to students is
to help students comprehend the text. To this end, the teacher poses pre-determined questions at designated points throughout the
reading. Vocabulary in the text that could potentially pose comprehension problems for students (e.g., fertilizer, tattered) also are
defined. Finally, students are asked to respond to the following prompt: “Based on the article, did the author provide a convincing
argument that ‘winning the fight against poverty is achievable in our lifetime’? Explain why or why not with 3-4 examples from the
text to support your answer.”

1.3.2. Automated scoring of text evidence use

The RTA rubric for human raters focuses on five features of students’ responses — evidence use, analysis, organization, academic
style, and mechanics. In eRevise, we focus exclusively on evidence use (scored on a scale from “1 =Ilow” to “4=high”).

eRevise’s automated scoring model is based on four features we developed using natural language processing (NLP) techniques
(see Matsumura et al., 2015; Rahimi & Litman, 2016; Rahimi, Litman, Correnti, Matsumura, Wang, & Kisa, 2014 for details). The
features are designed to reflect the detailed criteria of the original RTA rubric. They are as follows.

(1) Number of pieces of evidence (NPE): To calculate NPE, project researchers first defined a list of main topics in the source text
(i.e., the Time for Kids article) that were then incorporated into the AES system. These topics correspond to the ways the Millennium
Villages project affected the quality of life in a village (e.g., hospital conditions, access to schools, malaria, agriculture; see Rahimi
et al., 2014). The AES system uses a simple window-based algorithm with fixed window-size to calculate NPE. A window within the
essay contains evidence related to a topic if it uses at least two keywords from the list of words for that topic. Each topic is only
counted once to avoid redundancy.

(2) Specificity (SPC): For each main topic from the source text, researchers identified a comprehensive list of associated keywords
(i.e., specific text evidence/examples). For example, the topic “hospital conditions” included as keywords “water,” “electricity,”
“hospital beds”, “medicine,” and “doctors” (initially, these aspects were lacking or insufficient). For each student essay, the AES
system used this keyword list to identify matches — i.e., how many (and which) specific pieces of evidence the essay addressed. The
system included accounts for the similarity between a word in the student’s essay and a word in the topic or key-words list, so
students will be credited for evidence that uses slightly different words (e.g., “power” instead of “electricity”) or words with different
stems.

(3) Concentration (CON): High concentration signals listing of evidence without explanation or elaboration and receives a low
score. Concentration is a binary feature. To calculate this feature, the AES system counts the number of sentences that contain
keyword matches. If there are fewer than three sentences, the concentration is deemed high (i.e., undesirable).

(4) Word count (WOC): This feature is a proxy for elaboration of thinking and for students using their own language to reason how
the evidence supports their main idea versus just letting the evidence speak for itself.

eRevise was developed and evaluated using 1569 Grade 4-6 essays from the RTA dataset introduced in Correnti et al. (2013). The
distribution of RTA evidence scores in this corpus (assessed on a 4-point scale) was: 1 = 469 essays, 2 = 594 essays, 3 = 335 essays,
and 4 = 171 essays. To evaluate the reliability of our learned scoring model, we compared the automated and human scores for our
corpus using a 10-fold cross validation paradigm. That is, our sample of 1569 essays was first divided into 10 subsets, each of which
was used as a test set after combining and training on the other 9 subsets. The average ICC across all 10 test sets of human- and
machine-scored essays was 0.62. This level of performance approaches the human-human ICC of 0.67 for the double-scored portion of
this corpus.

Recently, we have presented validity evidence supporting automated scoring of the RTA (Correnti et al., 2020). We found close
correspondence between human and AES scores; at the classroom level, single measures ICC was .899, which is in the good, almost
excellent, range. We also found alignment of AES scores with components of instruction that we expect would predict variation in
students’ writing quality. Specifically, the AES scores are sensitive to differences between classrooms in opportunities to learn
analytic text-based writing, after adjusting for prior achievement, student background, and opportunities related to general reading
instruction. Finally, we found associations between AES scores and other expected measures of student achievement (e.g., state
standardized achievement measures in reading and math). These findings provide encouraging evidence that AES technologies as
applied to the RTA can generate valid inferences about students’ ability to marshal text evidence in writing. We have yet to examine
construct validity at the feature level (e.g., whether features scores capture the constructs of “specificity” or “elaboration”). We note,
however, that our NLP features were based on solid text-based writing constructs as articulated in the original RTA rubric. For
examples of student responses that received certain scores and that demonstrate expected strengths and weaknesses, see Rahimi and
Litman (2016) and also Figs. 4-7 in the present paper.

1.3.3. Automated feedback on text evidence use

eRevise uses NLP features generated during automatic scoring of students’ initial essays to select formative feedback on evidence
use to guide essay revision. There are three levels of feedback (see Table 1), and they adhere to features of effective feedback
(Catrambone, 1998; Wang et al., 2018). For example, Level 1 feedback focuses on completeness (i.e., guides students to provide more
evidence) and guides students to be more specific about the evidence they referenced. Level 2 feedback also prompts students to be



E.L. Wang, et al. Assessing Writing xxx (xxxx) Xxxx

Table 1
Feedback Focus and Messages Corresponding to Each Feedback Level in eRevise.

Feedback Level Feedback Focus (Code) Feedback Messages

1 (Completeness & Specificity) Use more evidence from the article Reread the article and the writing prompt.
(Completeness) Choose at least three different pieces of evidence to support your
Provide more details for each piece of argument
evidence you use (Specificity) Consider the whole article as you select your evidence
Add more specific details about each piece of evidence. For example,
writing “The school fee was a problem” is not specific enough. It is better
to write, “Students could not attend school because they did not have
enough money to pay the school fee.”
Use your own words to describe the evidence

2 (Specificity & Explanation) Provide more details for each piece of ® Add more specific details about each piece of evidence. For example,
evidence you use (Specificity) writing “The school fee was a problem” is not specific enough. It is
Explain the evidence (Explanation) better to write, “Students could not attend school because they did not

have enough money to pay the school fee.”

Use your own words to describe the evidence

Tell your reader why you included each piece of evidence. Explain how
the evidence helps to make your point.

3 (Explanation & Connection) Explain the evidence ® Tell your reader why you included each piece of evidence. Explain how
(Explanation) the evidence helps to make your point.
Explain how the evidence connects to the ® Tie the evidence not only to the point you are making within a paragraph,
main idea and elaborate \(Connection) but to your overall argument.
® Elaborate. Give a detailed and clear explanation of how the evidence

supports your argument.

more specific, and it directs students to explain their evidence. Finally, Level 3 feedback focuses students on not only explaining the
evidence they provided, but also connecting it to the overall argument. To determine the appropriate feedback to provide to each
essay, eRevise draws on a feedback selection algorithm. The algorithm takes into account both the NPE value and a count of the
number of non-duplicate, unique evidence words or phrases from four primary topics in the SPC feature. For example, a student
whose essay has low NPE and low SPC count would be asked to provide more pieces of evidence, and ensure the evidence they add
are detailed (Level 1 feedback). Meanwhile, an essay with sufficient number of pieces of evidence and high SPC count would be
encouraged to revise with a focus on explanation and connection (Level 3 feedback; see Zhang et al., 2019 for technical details).

2. Methodology
2.1. Context

This pilot study took place in two public parishes (i.e., districts) in Louisiana. Students in 3rd to 8th grade take the Louisiana
Educational Assessment Program (LEAP) 2025 ELA test, which is aligned to the Louisiana Student Standards, based heavily on the
CCSS. The assessment features prose constructed response (PCR) writing tasks requiring students “to show understanding of text(s) by
writing a multi-paragraph response” that uses evidence from the text(s). Also, among other dimensions, students’ literary analysis
response is scored for use of “clear reasoning supported by relevant text-based evidence in the development of the topic.”

Both parishes in which the study was situated are rural. In one parish, about 73 % of the student population is White; 20 % is
Black, and the remaining 7 % identify as Hispanic, Asian, American Indian, Hawaiian/Pacific Islander, or multiple races. In the other
parish, about 69 % of the student population is White; 15 % is Black, 8 % Hispanic, and the remaining 8 % identify as Asian,
American Indian, Hawaiian/Pacific Islander, or multiple races. About 65 % and 55 % qualify for free or reduced-price lunch. About 1
% of students in each parish are English Language Learners; about 9 %-12 % have IEPs (i.e., qualify for special education services).

2.2. Participants

2.2.1. Teachers

Seven ELA teachers from seven different schools participated in the study in the 2017-2018 school year. They were selected for their
comfort level with basic use of technology and access to a class set of computers for student use to complete the RTA. All seven teachers were
white females holding a Bachelor’s degree; one also held a Master degree in Education. They averaged 10 years (range = 4-18) of teaching
experience. Three teachers taught 5th grade ELA; three taught 6th grade ELA, and one taught both 5th and 6th-grade ELA.

2.2.2. Students

The seven teachers administered the RTA via eRevise to all students in one of their ELA classes (n = 160). The classes averaged 23
students (range = 7-36). In the end, 143 students completed all data collection (i.e., submitted both a first draft and a revised draft of
the essay).
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Prompt: The author described how the quality of life was improved by the Millennium Villages Project in Sauri, Kenya. Based on the MAKE YOUR ESSAY MORE CONVINCING (Help roaders

article, did the author convince you that *winning the fight against poverty is achievable in our lifetime*? Explain why or why not with understand why you bebeve the fight against poverty i/isn't

3-4 examples from the text to support your answer. achievable in our Ifetime by followng the Suggestions in the two
boxes below.)

First draft of your essay below

Yos because ending poverty is achiovable in my lifetime because you can tell that our nations is helping the homeless by offering them food Use mare evidence from the article

sheither and by putting out things or stands that heip donate to people who are poverty. & in other countries do help to, like for example our
country will sometimes help other countries if they have poverty & if adults or kids are dieing every day by offering them clothes food and
sometimes some shelter. Poverty can be stopped in my etime if we help or if we try help people or atieast help and 30 if we do helpful we
today can help stop proverty just by doing & putting 1 step in

+ Re-read the article and the writing prompt.

« Choose at least three different pieces of evidence to
SUPPONt your argument

« Consider the whole article as you select your evidence.

Provide more detalls for each plece of evidence you
use

* Acd more specic dotails about cach piece of evidence.
o For example, writing, “The school fee was a
problem” is not specific enough. It is better to
write, "Students could not attend school because
they did not have enough money to pay the
school fee.”
« Use your own words to describe the evidence.

Revise your essay below (You can copy and paste your original essay into the text box below and revise it.)

Fig. 1. eRevise screenshot. The screen is split into three parts. The left top box shows a student's first draft. This helps students to recall their first
draft and eases revising or re-writing (e.g., by allowing cutting and pasting). The right-hand side of the screen shows the feedback on the first draft
that was automatically selected by the system. The left bottom box shows where students create their second drafts, hopefully guided by the
feedback displayed on the right.

Student
5 AWE System ; writes the
i i first draft
; Features : /—4—\ ___________
, : First draft
§ Select i \—l—/ ...........
5 Feedback | Student
' | revises the ;
i Selected : first draft Scores 0
{ | Feedback | | I both
: eeabac drafts

Second

draft
—

Fig. 2. Architecture of eRevise.

2.3. Procedures

Teachers implemented eRevise in May, after administration of the LEAP assessments. The eRevise system is designed for use over
two class periods. Students wrote (i.e., typed) their essays on the first day. After students submitted their first drafts, eRevise extracted
features for the feedback selection algorithm. It selected one of the three feedback levels that best addressed the problems of the draft.
On a second day (no more than five school days later), students logged into eRevise to revise their original drafts using the formative
feedback produced by eRevise. Fig. 1 shows an example screenshot with formative feedback that students would see on day 2. Note
that while eRevise generates an automated score in the background, students do not receive the score at any point. See Fig. 2 for a
depiction of the overall architecture of eRevise.

Teachers were instructed to provide at least 30 min of independent work time on day 1 for students to draft their essay, and on
day 2 for them to revise. Actual revision times varied within and across classes. According to eRevise’s built-in time log, the average
revision time across classes was approximately 25 min (range = 13—57 min)' . Students completed a brief survey upon submitting

! The elapsed time is a rough estimate of the amount of time students spent revising their essay. We cannot be certain that students began working
as soon as they logged into eRevise, nor that they worked without interruption from the time they logged in until the time they logged off.
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their final drafts on their understanding and perception of the usefulness of eRevise’s feedback.

2.4. Data sources and data analysis

To address our first three research questions, we collected, coded, and analyzed both versions of the student essays (i.e., first draft
and revised):

2.4.1. RQ1 analysis

Improvement in drafts based on the eRevise system was assessed by conducting paired-sample t-tests to compare evidence scores
for the first and revised drafts. Specifically, we compared the automated scores for each piece as well as specific feature scores (i.e.,
NPE, SPC).

2.4.2. RQ2 analysis

We conducted qualitative analysis of the revisions students made between drafts to characterize the extent to which students’
revisions reflected the feedback they received via eRevise. To do this, we first created a Word file with all first drafts and a file with all
second drafts, ordered by a unique student ID. We then used the ‘Compare Documents’ function to create a file that tracked changes
between the two versions (i.e., shows the insertions, deletions, and other revisions that students made).

With knowledge of the feedback each essay received (i.e., Level 1, 2, or 3), we first coded for whether the students attempted to revise
their essay based on the feedback provided. In other words, did students’ revisions reflect at least one of the feedback topics or focus®
(see Table 1)? For essays receiving Level 1 feedback focused on completeness and specificity (“Use more evidence from the article”
and “Provide more details for each piece of evidence you use”), for example, we looked for revisions where students attempted to add
a piece of evidence that was not previously mentioned and/or added more specificity to a piece of existing evidence® . For Level 3
feedback focused on explanation and connection to the overall argument (“Explain the evidence” and “Explain how the evidence
connects to the main idea and elaborate”), we looked for signals of attempts to provide an explanation for pieces of evidence (e.g.,
phrases like “I included this because...” or “This evidence means...”) and/or connection between the evidence and the overall
argument (i.e., why students believe poverty can or cannot end in their lifetime).

Then, for the essays for which students attempted revisions, we coded the extent to which the essays showed improvement from first
to second draft, considering the feedback provided. This meant we evaluated essays that were prompted to provide more pieces of
evidence on the amount and quality of additional evidence, not on other types of revisions (e.g., extended explanations of evidence)
that may have improved the essay. We did this because our primary interest was the extent to which the feedback eRevise provided
guided students to execute successful revisions (i.e., the extent to which students revised according to the feedback they received).

We coded essays as showing no improvement in evidence use if apparent attempts to implement feedback resulted in no or very
superficial revisions. For example, students may have repeated a piece of evidence they already provided, or used the phrase, “This
evidence means...” to signal an attempt to provide explanation, but what followed was not, in fact, an explanation. Essays showed
slight improvement if revisions were in the direction of the feedback provided, but were inconsistently implemented or not fully
executed. For instance, students may have added one, instead of multiple, pieces of evidence, or added one brief phrase to explicate a
piece of evidence instead of fully articulating how the evidence supports the point. Finally, we deemed essays to show substantive
improvement if the revisions markedly improved the use of evidence (i.e., if the evidence was significantly more complete, accurate,
specific, and/or explained) (Wang, Matsumura, & Correnti, 2017, 2018). Note though, that successfully revised essays may not
necessarily exemplify evidence use; they could still be further improved.

Overall then, to address RQ2, four codes were possible: No attempt at implementing given feedback; Attempted to implement
feedback, but no improvement in evidence use; Slight improvement in evidence use; and Substantive improvement in evidence use
(see Table 4 in Findings section).” The first author coded all 143 pieces of student work; the second author double-coded 35 pieces
(24 %). A 86 % exact agreement and 91 % adjacent agreement was reached; Cohen’s kappa was 0.77, indicating ‘substantial’
agreement (McHugh, 2012). We discussed discrepancies to arrive at consensus and to establish or clarify decision rules to guide
future coding.

2.4.3. RQ3 analysis

To diagnose how students implemented the feedback they received, or in other words, why students’ attempt to revise their essay
was effective or ineffective, we performed qualitative, iterative, and inductive coding. For those essays that showed no attempt at
implementing feedback, we derived three codes that represented the different ways essays appeared not to have attempted revisions
(see Table 5). For essays that resulted in no or slight improvement in evidence use, we coded how students’ revisions missed the mark,

2 We allowed that, given two feedback topics or focus and time constraints, students may choose to or only manage to focus on one and not both in
the revision process.

3 Recall that we had an expert-generated list of evidence topics and key words from the source text that we anticipated students would marshal in
their essay.

*Our coding appears to differ from Roscoe et al. (2013). They coded first for whether students attempted to revise by making any edits, not
necessarily edits aligned to feedback provided. Then, they coded whether students attempted substantive revisions. Any attempt to compare our
results with those of Roscoe et al. (2013) should be done with caution.



E.L. Wang, et al. Assessing Writing xxx (xxxx) Xxxx

Table 2

Distribution of First Draft eRevise Essay Scores and Feedback Level Provided (n = 143).
First-Draft Feedback Level 1 Feedback Level 2 Feedback Level 3 Total
eRevise Score (n = 45) (n = 27) (n=71)

N % N % N % N %

1 (low) 24 17 % 6 4 % 1 1% 31 22 %
2 13 9% 20 14 % 9 6 % 42 29 %
3 4 3% 1 1% 17 12 % 22 15 %
4 (high) 4 3% 0 0% 44 31 % 48 34 %

as in fell short of actualizing substantive improvements in the revised draft. We arrived at a total of 12 codes in two broad categories
representing the two primary feedback foci and the two broad categories of revisions students attempted: Providing more evidence or
more detailed evidence, and explaining or connecting the evidence (see Table 6). The specific codes represented the reasons we
assessed the revisions as unsubstantive. Finally, we coded essays wherein revisions showed attention to the feedback provided and
resulted in substantive improvement. Our codes represented how the revisions were successful (see Table 7). Each essay received one
code; coders selected the most applicable code.

Once again, for the RQ3 analyses, the first author coded all the essays (n = 143). The second author double-coded 35 pieces (24
%), and a 77 % exact agreement was reached; Cohen’s kappa was 0.76, indicating ‘substantial’ agreement (McHugh, 2012). We
discussed discrepancies to arrive at consensus and made decision rules to guide future coding.

2.4.4. RQ4 analysis
Items on the student survey focused on their perception and use of the feedback in eRevise were assessed on a four-point scale
(1=Not at all/None, 4= Completely/All). Descriptive statistics were used to characterize the range of students’ responses.

3. Findings
3.1. RQ1I: To what extent did students’ use of evidence improve, from first draft to revised draft, based on eRevise’s automated scoring?

Of the 143 pieces of first-draft essays eRevise scored, 31 (22 %) received a score of 1 (lowest); 42 (29 %) received a score of 2; 22
(15 %) received a score of 3; and the remaining 48 (34 %) received a score of 4 (highest). Also, of all the essays, 45 (31 %) received
Level 1 feedback focused on completeness and specificity; 27 (19 %) received Level 2 feedback focused on specificity and ex-
planation; and 71 (50 %) received Level 3 feedback focused on explanation and connection to the overall argument. Table 2 sum-
marizes the distribution of scores.

Students showed significant improvement in their estimated evidence score on their first drafts (M = 2.61, SD = 1.16) compared
to their revised draft scores (M = 2.78, SD = 1.15; t(142) = 3.31, p = .001, ES = .15). These findings were observed despite the fact
that 48 out of the 143 first-draft essays (34 %) were scored a “4” (on a scale of 1 =low to 4 =high), leaving no room for improvement
in our AES system. For the students whose first-draft essay scores were less than “4” (n = 95), there was obviously greater im-
provement in their evidence rubric score from their first drafts (M = 1.91, SD = .74) to their revised draft scores (M = 2.24, SD =
.99; t(94) = 5.52, p < .001, ES = .39).

The scatterplot in Fig. 3 shows that the proportion of students who improved (20 %; n = 29) is greater than those who declined

All Essays with a First and Revised Draft

< o1 o2 @10 45

Revised Draft Score

First Draft Score

Fig. 3. Scatter plot of first draft scores by revised draft scores following automated feedback for 143 students.

Note: The diagonal line represents essays where the scores on the first and revised drafts received the same automated score. Above the line are essay
scores demonstrating improvement on the revised draft over their first draft, and below the line are students’ essays that were lower on the revised
draft than they were on their original draft.
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Table 3
Paired-Samples t-test Results for Outcomes Indicating Improvement from First- to Revised- Drafts.
Outcome All Essays (n = 143) Essays with Evidence Score < 4 on 1* Draft (n = 95)
1°* Draft Rev. Draft t p-value ES 1° Draft Rev. Draft t p-value ES
M (sd) M (sd) M (sd) M (sd)
Malaria-Related Text Evidence 2.26 (1.70) 2.55 (1.68) 4.19  .000 17 1.62(1.43) 1.98 (1.46) 4.30 .000 .25
Hospital-Related Text Evidence 2.38 (1.96) 2.78 (2.06) 5.01 .000 .20 1.82(1.78) 2.23 (1.93) 4.60 .000 .22
Agriculture-Related Text Evidence 1.24 (1.52) 1.38 (1.51) 2.04 .044 .09 0.56 (0.92) 0.80 (1.13) 2.87 .000 .33
School-Related Text Evidence 1.96 (1.74) 2.40 (1.71) 5.11 .000 .26 1.38 (1.51) 1.94 (1.56) 4.82 .000 .36
Improving Conditions-Related Text 5.50 (4.09) 5.99 (3.98) 3.78 .000 .12 3.48 (2.94) 4.16 (2.98) 4.66 .000 .23
Evidence
Cumulative Text Evidence in Focal Topics 13.34 (8.31) 15.09 (8.20) 5.96 .000 .21 8.86 (5.44) 11.11 (5.83) 6.38 .000 .40
(Sum)
Breadth of Text Evidence (NPE) 2.61 (1.27) 2.81 (1.08) 3.33 .001 17 214 (1.24) 2.46 (1.05) 4.09 .000 .26
Word Count 249.6 328.6 11.91 .000 .56 200.5(90.9) 264.8 (124.1) 11.52 .000 .60
(118.3) (165.0)

Note: t = t-statistic; ES = Effect Size.

(3%; n = 4), although the vast majority (77 %; n = 110) had the same revised and first draft scores. If we remove those 48 cases
whose first draft scores were “4”, then 29 of the 95 student essays (31 %) improved. These 29 student essays were distributed across
different feedback levels; with 37 % receiving Level 1 feedback (on completeness and specificity) improving; 21 % receiving Level 2
feedback (on specificity and explanation) improving, and 33 % receiving Level 3 feedback (on explanation and connection) im-
proving. Thus, some student essays at each feedback level showed improvement.

To address the question of what proportion of essays improved on specific features of evidence use, we used finer-grained
outcomes. This analysis allowed us to assess potential improvements in evidence features that eRevise extracted (i.e., NPE, SPC), even
if the revisions did not result in an overall score change, which could have been the case for essays that received a first-draft score of
4. On all tested outcomes, using all 143 essays, revised essays showed significant improvements in the number of pieces of evidence
students included for five central source-text topics (see Table 3). These outcomes are elemental to the automatically scored features
(e.g., NPE) used in scoring and deciding feedback levels.

Table 3 shows that students’ revisions do show increases in effect size (ES) for word count (ES = .56 for all essays and ES = .60
for essays where the first draft scored less than 4 on the rubric), as well as number of references to specific evidence in the text, as
identified through our AES scoring (ES ranging from .09 to .26 for all essays; and ES ranging from .22 to .40 for essays where the first
draft scored less than 4). This analysis constitutes one way of thinking about change in evidence use from the first to revised draft — by
counting the presence of specific pieces of evidence. It does not, however, evaluate the degree to which those pieces of evidence
necessarily improved the quality of the essay, where quality takes into account the relevance of the evidence to the claim and reason
and the explanation given. To assess this, we turn to the qualitative coding work.

3.2. RQ2: To what extent did students’ use of evidence improve, from first draft to revised draft, in line with the feedback given?

Table 4 presents the results of our qualitative coding of students’ revisions. Out of 143 essays, 20 % (n = 28) showed no attempt to
implement the feedback eRevise provided. About a third of the essays (34 %; n = 48) exhibited some attempt to implement the
feedback, but there was no noticeable improvement in essay quality in line with the feedback given. About another third of the essays
(29 %; n = 41) showed slight improvements, and only about 18 % (n = 26) of the essays demonstrated substantive improvements in
quality. This general pattern held for essays receiving Level 1 feedback on completeness and specificity (n = 45) and Level 2 feedback
on specificity and explanation (n = 27). Among essays receiving Level 3 feedback on explanation and connection (n = 71), however,
more essays slightly improved (39 %) or substantively improved (21 %). In fact, of the 41 essays that made slight improvements, 28 (68
%) received Level 3 feedback, and of the 26 essays that demonstrated substantive improvements, 15 (58 %) received Level 3
feedback.

These findings resonate with the key RQ1 findings above based on eRevise scoring. In both sets of analyses, about 20 % of essays
improved substantively in evidence use, and the other 80 % essentially remained the same or declined in quality (i.e., made “no” or
“slight improvement”). While the analysis based on eRevise scores suggests that more essays receiving Level 1 feedback (on com-
pleteness and specificity) improved, the qualitative analysis suggests that students whose essays received Level 3 feedback (on
explanation and connection) executed more substantive and successful revisions.

3.3. RQ3: How did students implement the feedback they received?

3.3.1. Essays that did not demonstrate attempt at revising based on feedback provided

Table 5 shows that of 143 total essays, 28 did not reflect an attempt to revise the essays according to the feedback given at all.
Sixteen of these essays (57 % of 28) showed revisions that smoothed out the organization, style, or language (i.e., grammar, spelling)
of the essay, instead of attending to evidence use, as the feedback prompted. Nine essays (32 %) showed evidence-related revisions
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Table 5

Codes, Description, and Findings Related to How Students’ Essays Did Not Demonstrate Attempt at Revising Based on Feedback Provided.
Code How essay did not demonstrate attempt at revising based on feedback provided (n = 28) N %
N1 Revision focused on smoothing out organization, style, or language (e.g., grammar, spelling) 16 57 %
N2 Made only revisions not keyed to the feedback received 9 32%
N3 No change at all from draft 1 to draft 2 3 11 %

that were not aligned with the feedback given; for example, students provided more pieces of evidence when they were asked to
explain how their evidence connected to the overall argument. And three essays (11 %) remained unchanged from first to second
draft.

3.3.2. Essays that showed no or slight improvement

The top part of Table 6 shows that 30 of the essays that received feedback to provide more evidence or more detailed evidence showed
no improvement or slight improvement in evidence use. In these cases, students’ revisions were inclined to be unproductive in five
ways. The most notable weakness was that students added very few new pieces of evidence (P1 in Table 6; 37 %). Revisions also
faltered because, in trying to add more details to the evidence, students provided extraneous information — random, inappropriate, or
irrelevant details — that did not serve to further the argument (P2: 33 %). In a third group of essays, the added evidence simply
repeated evidence already provided in the original draft (P3: 17 %). While some revisions resulted in added details that were not text-
based (P4: 7 %), others left the evidence general and vague, students added details to only some, but not all, pieces of evidence (P5: 7
%). In each case, students exhibited incomplete responses suggesting they had difficulty reflecting on their own writing, making
judgments about how their writing could improve and/or applying suggestions for improvement to their writing.

In the bottom half of Table 6, we identified seven common ‘missteps’ among the 59 essays in which students focused their
revisions on explaining or connecting evidence to their overall argument. First, students repeated or paraphrased the evidence instead of
providing a clear explanation of how the evidence supports the claim (E1 in Table 6: 39 %). Meanwhile, students made revisions
wherein they added personal commentary instead of connecting the evidence to the claim or larger argument (E2: 19 %). Other
students added a one- or two-sentence conclusion that did not fulfill the function of connecting the evidence to their argument (E3: 17
%). Whereas some students’ revisions did not improve their argument because students recycled the same pro forma explanation for
each piece of evidence (E4: 7 %), other students’ explanations for their evidence focused on the choice of evidence as an academic
exercise instead of the content of the evidence they provided (E5: 7 %). In some cases, students’ revisions were inadequate because
they only added explanation to some, but not all, of the evidence provided, or they wrote a blanket explanation for all pieces of
evidence (E6: 7 %). Finally, a few students, in trying to add an explanation, students instead summarized the source text (E7: 5 %). In
each case, students’ inability to effectively use evidence by connecting it to their reasons and/or main claim led to limited im-
provement in their overall argument.

3.3.3. Essays that showed substantive improvement

The top part of Table 7 shows that nine students successfully revised their essays by providing more evidence or details. Six of these
students (SP1: 67 %) added more than one relevant piece of evidence that had not been in the original draft. Two students (SP2: 22
%) added substantive details to evidence already presented, thereby improving specificity. Finally, one student successfully im-
plemented the feedback given by not only adding more relevant text-based examples, but also by deleting examples and general-
izations based on personal knowledge or assumptions rather than the source text.

The bottom half of Table 7 shows that 17 essays demonstrated substantive improvement with respect to explaining evidence or
connecting evidence to the overall argument. Most prominently, during revision, eight students provided an explanation for each piece of
evidence, whereas previously, there had been no explanation at all, or only a paraphrase of the evidence (SE1: 47 %). In five essays
(SE2: 29 %), students enacted successful revisions by connecting the evidence to the overall argument, for example, through
statements reasoning that the progress made in the Kenyan village over a short period of four years suggests that poverty can be
ended in the students’ lifetime, which spans many more decades. Finally, in four essays (SE3: 24 %), students took the revision
opportunity to elaborate upon the explanation they had attempted to provide in the original draft; they fleshed out their ideas more,
beyond a short phrase.

3.4. Annotated examples of first-draft and revised essays

In this section, we provide brief annotated examples of four first-draft and revised-draft responses to illustrate some of the findings
described above. These examples serve two primary purposes. First, they help to lay bare our methodology and coding. In particular,
our rating of the extent of improvement (i.e., no, slight, substantive) is at the essay level; with these examples, readers can appraise
our assessments of the quality of students’ revisions. Second, to date, there have been minimal insights about what content im-
provement looks like for young writers in the context of AWE systems. By featuring such examples, we begin to provide insight into
the potential range of development in students’ revision abilities.

First, we present an example of an essay that received Level 1 feedback (i.e., to use more evidence) that was unsuccessful in the
revisions. Then, we present a counter-example of an essay that received the same feedback, but that demonstrated substantive

11
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Based on the article, did the author convince you that, "winning the fight against poverty is achievable in our

Author
lifetime is "? Explain why or why not with 3-4 examples from the text to support your answer. Yes in the article the Deleted: and others where i'm say no to. but for the hole in
author has good points in the story where | say yes to. From my knowledge | say Yes to this ldea of wmmng the one and
H Author
less than $1 dollar a day."
$ V{ Deleted: ." that is why | agree. Now this is why | don't, "' We

not have enough money money to pay the school fee." at is why | agree that .
author that the author convinced me in winning the fight against poverty can come true in thls lifetime.

joined dancing and clapping along to

Author
Deleted: joyful, lively music

Author
Deleted: disagree. But | do

Author
Deleted: with the author

Fig. 4. Sample student essay that made no improvement in using more text evidence (Level 1 Feedback). The essay received an AES score of 1 on
evidence use before and after eRevise.

improvement. Following this, we contrast a slightly-improved and a substantively improved essay that received Level 3 feedback (i.e.,
to explain evidence).

3.4.1. Essay revised according to Level 1 feedback (completeness and specificity) with “no improvement”

As shown in Fig. 4, in the original draft of this essay, the student referenced one piece of evidence from the text (“...people of
Sauri, Kenya lived on less than $1 a day) in support of the author’s claim that “winning the fight against poverty is achievable in our
lifetime.” The student also tried to provide one piece of evidence for disagreeing with the author, although the reference was actually
irrelevant. During revision, the student deleted this weak piece of counter-evidence, which rendered the essay slightly clearer.
Overall, however, the student did not succeed at revising according to the feedback given, which was to add more pieces of evidence.
Out of the entire article with multiple other examples of poverty in the Kenyan village and how the quality of life subsequently
improved (e.g., with respect to hospital conditions, malaria, agriculture), the student only referenced one more topic — the school fee.
Moreover, that particular example — and in fact, the exact phrase — was given in the feedback students received (see Table 1). For
these reasons, this essay was coded as demonstrating “no improvement” and the primary lapse in revision was that the student added
very few pieces of evidence; text evidence use was still insufficient (P1 of Table 6).

3.4.2. Essay revised according to Level 1 feedback (completeness and specificity) with “substantive improvement”

In contrast to the first example essay, Fig. 5 shows an essay that also received Level 1 feedback to add more evidence and specific
details, but that demonstrated substantive improvement upon revision. In the original draft, the student provided an appropriate and
strong instance of evidence use in referencing the improvements in hospital conditions — from lacking doctors, running water, and
electricity, to having medicine, water, and a generator to power the hospital. This evidence was strong because the student char-
acterized the conditions both before and after the UN support to make the argument that Sauri has improved in just eight years, so
there is hope that poverty can be eradicated in our lifetime; however, the student could have marshaled several other examples in the
article to make the argument more convincing. Moreover, the intended second piece of evidence, referencing “supplies” was vague. In
the revised draft, the student sharpened this general reference, clarifying that it related to school supplies, “like books, paper and
pencils.” In addition, the student inserted a new piece of evidence about school fees, lunches, and attendance rates that was not in the
first draft. In all, the revised essay reflected understanding and execution of the feedback which further strengthened the overall
argument.

Revision
Deleted: One way we could win the fight is by everyone

achievable in our lifetime." The author convinced me that we can win the fight over poverty. One way the author

convinced me that we can win the fight is by telling us how much Sauri has improved just in 8 years. In the story it
says, "There was no doctor, only a clinical officer running the hospital. There was no running water or electricity."
Then later on in the story it says," The Yala Sub District Hospital has medicine, free of charge, for all of the most
common diseases. Water is connected to the hospital, which also has a generator for electricity." These
statements prove that in a short amount of time, things can change. | was convinced when | read the section
labeled "A Better -2018". It convinced when it said that the hospital had medicine, water, and electricity. The
author convinced me in other ways also. Another way was when the author wrote about the kids using the small
amount of supplies they had. The children wanted to learn so much, they decided they would share their
materials. In the story it says, " In 2010, the schools had minimal supplies like books, paper and pencils, but the
students wanted to learn. All of them worked hard with the few supplies they had." This proves if you use what
you have, you can fight for the win over poverty. Later on in the story it tells us how the schools improved. In the
story it says," There are no school fees, and the school now serves lunch for the students. The attendance rate is
way up." This proves that we can use what materials we have. In conclusion, | have learned to be grateful for what
I have. The people in Sauri didn't have much but I'm sure they were grateful for what they have. | am very
convinced that we can win the fight against poverty. If we work together we can win. We will win the fight!

Fig. 5. Sample student essay that made substantive improvement in using more text evidence (Level 1 Feedback). The essay received an AES score of

2 on evidence use before eRevise and a score of 4 after.

14

working together to get what we need. We can also use
what we have. In the text it says," All of them worked hard
with the few supplies they had." Even though people might
not have much money, they could put some of what they
have together to help get supplies they need. No one
deserves to life a life with no food, no clothes, or no water.
Another

Revision
Deleted: This change has proven that we can win the fight
against poverty.




E.L. Wang, et al. Assessing Writing xxx (xxxx) Xxxx

The author had many reasons to try to convince you that "Winning the fight against poverty is achievable in our
lifetime."She was trying to get us to help with her cure their disease. In the text it says," It is hard for me to see
people sick with preventable diseases, people who are near death when they shouldn't have to be." Which meant
she didn't want good people that didn't deserve to die be bad sick and not get help.Also she wanted to get the kids
back in school so they would have a good education. The text states, "Many kids in Sauri did not attend school
because their parents couldn't afford school fees." Next she wanted to provided them mosquitoes nets. The text
states,"A bed net, treated with chemicals that last for five years, keeps malarial mosquitoes away from sleeping
people." This would keep the bugs away that would get all the people sick. She also says that they have made
amazing progress in just eight years. The text states," The Yala Sub-District Hospital has medicine, free charge, for
all of the most common diseases. Water is connected to the hospital , which is also has a generator for
electricity.There are no school fees, and the school now serves lunch for the students.” So now they was getting

better quickly and the community was improving.Dramatic changes have occurred in 80 /-x“m s Author
wuthor inserted: @ commmmmmmmmmmmmme e
Saharan Africa. From her help people can be treated with no cost and not die from the d | and I think that everyone should Deleted: .
[ i . be helping this girl out to achieve
the money the people make they don't have to spend on sickness they could spend it on helping this community.
one of the disease thatrnoyvrthre Vhosrpit{a! can easily trregtrpartriernts with Fhatrdisgarse. Ir] thc teALILStaEs, T are . i . Author
many solutions to the problems that keep people impoverished." Also she has helped the farmers to not have any Deleted: problem s

problems. The text states,"The hunger crisis has been addressed with fertilizer and seeds, as well as thetools Author
needed to maintain food supply." In conclusion this girl has done a lot to help Sauri, and | think that everyone Deleted: .

should be helping this girl out to achieve helping this community.

Fig. 6. Sample student essay that made slight improvement in explaining evidence provided (Level 3 Feedback). The essay received an AES score of
4 on evidence use before and after eRevise.

3.4.3. Essay revised according to Level 3 feedback (explanation and connection) with “slight improvement”

On the surface, the writer of the essay in Fig. 6 appeared to have significantly revised the essay by adding explanatory statements
after each piece of evidence. Upon closer examination, however, we see that the student merely repeated or paraphrased the evi-
dence, instead of explaining how it supported the claim (E1 of Table 6). For example, after providing evidence from the source article
saying that “bed nets keep malarial mosquitos away from sleeping people,” the student added a sentence that essentially made the
same point: “This would keep the bugs away that would get all the people sick.” Similarly, after highlighting the dramatic changes
that occurred, the student summarized, “So now they was getting better quickly and the community was improving.” A more sub-
stantive revision would have linked the evidence of the amazing progress in this one village over such a short time to the overall
argument that poverty can be conquered.

3.4.4. Essay revised according to Level 3 feedback (explanation and connection) with “substantive improvement”
The essay in Fig. 7 also received feedback from eRevise to explain evidence and connect the evidence to the overall argument. It
made some substantive revisions that resulted in an improved essay. In the first draft, the student provided four specific pieces of text

The author did convince me that "winning the fight against poverty is achievable in our lifetime" by talking about

the progress that has happened in eight years and by also talking about the things that were happening before we

made progress. So many people are dying from diseases that could be prevented. In the section "The Fight for Revision

Better Health," it states, "The solutions are simple, yet 20,000 kids die from the disease each day." Deleted: The hospitals in Sauri have began to start to
provide the things the patients need to them.

In the section "A Better Life-2018, it also states, "The Yala Sub-District
Hospital has medicine, free of charge, for all of the most common diseases. Water is connected to the hospital,
which also has a generator for electricity. Bed nets are used in every sleeping site in Sauri. The hunger crisis has Revision
been addressed with fertilizer and seeds, as well as the tools needed to maintain the food supply." Deleted: I'm glad they're starting to make progress!

The author also described what the food crisis was and what it did
to students and farmers. The farmers would plant the seeds, then worry if he would have enough food to eat. In
the section "Water, Fertilizer, Knowledge," it states, "Their crops were dying because they could not afford the
necessary fertilizer and irrigation. Time and again, a family would plant seeds only to have an outcome of poor
crops because of the lack of fertilizer and water. Each year, the farmers worry:Will they harvest enough food to
feed the whole family? Will their kids go hungry and become sick?"

The problem was
also very hard on students. In the section "Water, Fertilizer, Knowledhe," it also states, "Many kids in Sauri did not
attend school because their parents could not afford school fees. Some kids are needed to help with chores, such
as fetching water and wood. In 2010, the schools had minimal supplies like books, paper and pencils, but the

students wanted to learn. All of them worked hard with the few supplies they had. It was hard for them to Revision
concentrate, though, as there was no midday meal. By the end of the cay, kids didn't have any energy." Deleted: dahy
In Revision
conclusion, 2010 Deleted: life was hard in the

Fig. 7. Sample student essay that made substantive improvement in explaining evidence provided (Level 3 Feedback). The essay received an AES
score of 4 on evidence use before and after eRevise.

15



E.L. Wang, et al. Assessing Writing xxx (xxxx) Xxxx

Table 8
Student Responses to Survey Questions about their Percerption of eRevise Feedback (n = 136).
Question Mean SD Percent of students responding
Not at all/ A little bit Mostly/ Completely/
None A Lot All
Did you understand the feedback you received? 3.03 079 4% 18 % 49 % 29 %
Did you understand how you were supposed to revise your essay based on the feedback 3.08 0.79 3 % 18 % 46 % 32 %
you received?
How much of the feedback did you use when you revised your essay? 299 083 4% 21 % 46 % 29 %

evidence, referencing all the key topics: malaria, hospital, crops, and schooling; however, these pieces of evidence were provided in
succession and read like a summary of the source text. The student neglected to explain why he/she included each piece of evidence,
and how it relates to the overall claim. During revision, the student added the missing explanation after each piece of evidence, albeit
using a formulaic sentence starter (“I included this piece of evidence because it shows...”) that echoed the Level 3 feedback’s
language. The additions signaled attention to the writing prompt and overall claim; it referenced the passage of time, mentioning
hardships in “2010” and then progress Sauri had made to prevent sicknesses and diseases “in the future”, thereby implicitly making
the argument that poverty is “achievable in our lifetime.” Admittedly, the connection between the evidence and the overall claim
could be strengthened. In all, while the second-draft essay would still not receive the highest score for evidence use, the direction and
extent of revisions renders this one of the more successfully revised essays.

3.5. RQ4: How did students perceive the feedback in eRevise?

Of the 143 students for whom we have first draft and revised essays, 136 responded to the survey questions. As summarized in
Table 8, almost 80 % of students indicated that they ‘mostly’ or ‘completely’ understood the feedback they received and how they
were expected to revise their feedback based on the feedback. About 75 % of the students self-reported using ‘a lot’ or ‘all’ of the
feedback they received when they revised their essay. These results suggest that students thought the feedback was helpful and
actionable.

4. Discussion

AES systems have long been an object of interest as a way to reduce the burden and cost of scoring summative assessments of
students’ writing performance. eRevise is attempting to explore the use of technologies for formative purposes to enhance students’
knowledge of a substantive writing construct — use of text evidence — which is a critical component of academic (text-based argument)
writing. Our system is unique in its focus on assessing the quality of young students’ use of text evidence to support an argument, as
opposed to other features of writing or general writing quality. In addition to providing insight on how to use automated essay
scoring technologies to assess a substantive dimension of writing, our work also contributes to the development of essay scoring
methods for younger writers whose essays are typically shorter, contain more grammatical and spelling errors, and is less sophis-
ticated in terms of use and organization of evidence in comparison to more mature writers. Our work thus tackles the challenge of
using computational techniques on data that are particularly noisy given the stage of writing development of younger students.

Our research also contributes to efforts to assess the effectiveness of AWE systems by examining the extent to which improvement
in the content of students’ essays is related to the feedback students received. In our study, most students’ use of text evidence
improved from first to second draft aligned with the feedback they received. As other AWE researchers have found, however (e.g.,
Roscoe, Snow, & McNamara, 2013, 2015), improvement as assessed in the eRevise system was small. Relatively few students (18 %)
showed substantive improvement in the quality of their essays. Our results show as well that the majority of students responded
positively to the system (e.g., understood what they were being asked to do), suggesting that students’ unsuccessful revision attempts
is likely because of a lack of skills for revising their essays — i.e., the cognitive and metacognitive skills involved with self-assessment
(Nielsen, 2014) - rather than difficulty understanding the eRevise feedback.

We note that our study has limitations that must be considered in interpreting our results and recommendations. Chief among
these is that our study was conducted in only seven classrooms. Future research needs to be conducted with larger samples of students
to more robustly investigate the effectiveness of eRevise, as well as to ensure that we are capturing the full range of students’ revision
behavior. Moreover, because we did not have student-level achievement data or information about students’ motivation to write, we
were unable to link revision behavior to other information about students, such as whether they had reading challenges or felt
particularly compelled to put effort into their writing. Finally, we note that our investigation is based on a single prompt for a single
text. We are currently studying results of other tests of prompts in eRevise, as well as developing other methods for extracting word
lists to replace manual effort (e.g., Rahimi & Litman, 2016). While our work in these directions show promise, at the present time the
scalability of eRevise is somewhat limited.
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4.1. Contributions and implications for AWE system design and research

One significant reason for the lack of research on students’ implementation of feedback is that automated scoring technologies
that assess the alignment between content-related feedback and revision have not yet been developed. Our study employing human
raters to assess the degree of improvement between drafts with an eye toward alignment between feedback and revisions signifies a
step toward that goal; that is, our codes represent categories of revision behavior that could inform future algorithms to advance
argument revision analysis techniques). Automated assessment of students’ implementation of feedback is critical to assessing at scale
both the quality of students’ writing, as well as students’ ability to revise in response to feedback. Being able to do so could provide
insight into potential gaps in students’ understanding of evaluative criteria for good writing and so inform the design of instructional
supports within AWE systems, and feedback messages that better support students’ revision quality.

We believe that our findings showing the different ways that students struggled to use information from source texts in writing,
also could provide information for possibly improving the interface of AWE systems. We suspect that comprehension problems might
have hindered some students’ revision efforts, as struggling readers often find it difficult to distinguish between relevant and irre-
levant text information (i.e., can be distracted by tantalizing details that are not necessarily germane to an author’s main point). For
eRevise, we sought to circumvent potential comprehension problems by asking the teacher to read the text aloud to students before
they wrote the first draft. Developers of AWE systems also might want to consider including recordings of source texts for students
who might struggle with comprehension. Other supports such as highlighting examples in source texts, also could potentially be
helpful for scaffolding struggling readers’ ability to identify relevant information in a source text to support a claim.

Finally, an interesting pathway for future development work and research might be to investigate when in the writing process it
might be most optimal to provide students with feedback. We note, for example, that our system differs from others because we
provided feedback after students completed their first draft, as opposed to providing immediate feedback as students produce text, as
in some other systems (e.g., Heilman & Madnani, 2013; Roscoe & McNamara, 2013). We decided to delay feedback to students
because, in our view, this approach is authentic to the revising activities in which writers typically engage. In other words, whether
feedback is provided by fellow students, teachers, reviewers, editors, or critical friends, writers make use of formative assessment(s)
of their work — the information they receive from readers of their completed drafts — to improve the content and readability of their
work. The ability to synthesize and implement comments thus is a critical skill to teach and master, and so is the focus of our AWE
design. We note, however, that an argument certainly could be made for providing feedback to students while they are producing
text. Moreover, because the ultimate goal of AWE systems and writing instruction that employs process approaches is to improve
students’ writing ability generally (i.e., not just improve one specific essay), an important area for future research would be to
investigate the relative effectiveness of these approaches for supporting students’ writing skills over time (i.e., their ability to transfer
what is learned in AWE systems to future writing situations).

4.2. Contributions to writing instruction and research

As mentioned earlier, research on how to best teach text-based argument writing and revision skills is in an early stage. Our study
provides insight into the specific ways students struggled to revise their essays, which we believe can serve as useful fodder for
supporting writing instruction. As other researchers have noted (e.g., Weston-Sementelli et al., 2018), writing in response to a source
text requires a high level of reading comprehension skill. Our results showing that a significant proportion of students who were
prompted to add more specific evidence simply repeated the text information they had included in their first draft or, in some cases,
included non-text based information suggests that many students struggled to identify pertinent information in source texts. This, in
turn, suggests that an important component of teaching students how to revise — whether in an AWE system or not — might include
developing norms and strategies for rereading texts with the goal of mining additional information. Such instruction would need to
include, for example, helping students identify evidence they used previously in their drafts and strategically re-read the text for new
examples aligned with the points they want to make.

Aligned with other writing research, our results indicated that students struggled to explain their evidence (e.g., O’Hallaron,
2014). Notably, the students who received this feedback tended to be more capable writers (i.e., their first drafts included a sub-
stantive amount of text evidence). Again, we saw a tendency for students to repeat what they had written earlier (e.g., restate their
evidence) as opposed to adding explanatory text linking evidence to claims, and some students added what amounted to personal
commentary disconnected from the argument. We also saw students add conclusions or other essay elements that improved their
essay in certain respects, but not aligned to the feedback they received to add explanation, or apply a pro forma explanation for each
piece of evidence. While students may be getting the message that they have to use evidence to support a claim, teaching students to
link claims and evidence is difficult and so may be a heavier ‘lift’ for classroom instruction. A critical focus of writing instruction then
would be making explicit to students what it means to link claims and evidence and model this for students.
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